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1 Supplementary model description 

Here, we explain the model of Daudet et al. (2002) and describe the differences between this model 

and the model used in our study. We slightly simplified the model of Daudet et al. (2002) and added 

some equations to stabilize the dynamics of starch and sucrose to increase robustness. We then 

calibrated some parameters relevant to respiration and ignored fruit development and increase in 

biomass. In the leaf, the photosynthate is first stored in mesophyll as starch. The changes in starch 

content was calculated as: 

𝑑𝑆𝑡𝑎𝑟𝑐ℎ𝑖

𝑑𝑡
= 𝑘starch ∙ 𝑉sym(𝑖)(𝐶S(𝑖)Mes − 𝑐targ) 

where Starchi is starch content, kstarch and ctarg are parameters (all parameters are defined in 

Supplementary Table 2), Vsym(i) is the volume of the symplast, i is the serial number of the hydraulic 

node, and CS(i)Mes is sucrose concentration in mesophyll (Daudet et al. 2002). We considered that the 

synthesis and hydrolysis of starch depend on sucrose concentration in leaf mesophyll. Starch is 

synthesized from sucrose when sucrose concentration is >ctarg and is hydrolyzed to sucrose when 
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sucrose concentration is <ctarg. Sucrose is gradually loaded into the phloem; the flow of sucrose from 

the mesophyll to the phloem, JS(i)load, is described by the following equation (Daudet et al. 2002): 

𝐽S(𝑖)load = 𝑘load ∙ 𝑆𝑡𝑎𝑟𝑐ℎ𝑖 

where kload is a parameter. The respiration rate in the leaf, Rm(i), was calculated as: 

𝑅m(𝑖) = (𝑘res1 + 𝑘res2 ∙ 𝐶S(𝑖)Mes) ∙ 𝑆𝑡𝑟𝑢𝑐𝑡𝑖  

where kres1 and kres2 are parameters and Structi is structural carbon content. To increase the stability of 

the model, we added the following equation: 

μ𝑖 =
1

1 + 𝑒𝑙1(𝑆𝑡𝑎𝑟𝑐ℎ𝑖−𝑙2∙𝑉cyt(𝑖))
 

where µi regulates the photosynthetic rate according to starch content (Starchi), l1 and l2 are 

parameters, and Vcyt(i) is the volume of the cytoplasm. The photosynthetic rate is multiplied by µi: i.e., 

photosynthesis is suppressed as the leaf starch content increases (Nakano et al. 2000). We arbitrarily 

chose the values of l1 and l2, but assumed that the maximum starch content is ~50 mg g−1 dry matter 

(Okumura and Saka 1989). We also assumed a decrease in the rate of phloem loading with increasing 

sucrose concentration in the phloem: 

𝛾𝑖 =
1

1 + 𝑒𝑙3( 𝐶S(𝑖)−𝑐lim)
 

where γi is a regulator of the flow of sucrose from mesophyll to phloem, l3 and clim are parameters 

(value chosen arbitrarily, but the maximum of γi is assumed to be ~0.7 mmol mL−1, which is 50% 

higher than the optimum sucrose concentration in rice; Jensen et al. 2013), and CS(i) is sucrose 

concentration in the phloem. Therefore, the equation that describes the flow of sucrose from 

mesophyll to phloem (JS(i)load) was changed to: 

𝐽S(𝑖)load = 𝛾𝑖 ∙ 𝑘4 ∙ 𝑆𝑡𝑎𝑟𝑐ℎ𝑖 

where k4 is a parameter. The maintenance respiration rate was assumed to be proportional to sucrose 

concentration in the phloem (Daudet et al. 2002): 

𝑅m(𝑖) = (𝑘1 + 𝑘2𝐶S(𝑖)) ∙ 𝑆𝑡𝑟𝑢𝑐𝑡𝑖  

where Rm(i) is respiration rate, and k1 and k2 are parameters. 

The starch synthesis rate, STsyn(i), in tissues other than leaves was described assuming a 

Michaelis-Menten equation of sucrose concentration (Daudet et al. 2002): 

𝑆𝑇syn(𝑖) = 𝑉cyt(𝑖) ∙
𝑉smax ∙ 𝐶S(𝑖)

𝐾M + 𝐶S(𝑖)
 



 
3 

where Vcyt(i) is the volume of the cytoplasm, and Vsmax and KM are parameters. For simplicity, the 

local concentrations of sucrose in all tissues other than leaves was considered to be the same as in the 

phloem. The rate of starch hydrolysis, SThyd(i), was described as (Daudet et al. 2002): 

𝑆𝑇hyd(𝑖) = 𝑘hyd ∙ 𝑆𝑡𝑎𝑟𝑐ℎ𝑖 

where khyd is a parameter. 
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2  Supplementary Tables 

Supplementary Table 1. Setting of the simulation. 

Explanation value Unit 

number of leaf 5  

area of leaf (top leaf) 0.0048 (0.00095) m2 

structural carbon content of leaf (top leaf) 8.1 (1.6) mmol (s.e.) 

(sucrose 

equivalent) 

structural carbon content of sheath or stem 3.0 mmol (s.e.) 

structural carbon content of node 3.0 mmol (s.e.) 

structural carbon content of root 19.0 mmol (s.e.) 

xylem flow resistance of leaf (top leaf) 0.064 (0.32) MPa h mL−1 

xylem flow resistance of sheath or stem 0.010 MPa h mL−1 

xylem flow resistance of node 0.0050 MPa h mL−1 

xylem flow resistance of root 0.17 MPa h mL−1 

phloem flow resistance of leaf (top leaf) 2.1 (10.7) MPa h mL−1 

phloem flow resistance of sheath or stem 2.5 MPa h mL−1 

phloem flow resistance of node 5 MPa h mL−1 

phloem flow resistance of root 16.67 MPa h mL−1 

sum of the apoplastic pathway resistance 0.03 MPa h mL−1 

tissue volume of cytoplasm of leaf (top leaf) 0.31 (0.062) ml 

tissue volume of cytoplasm of sheath or stem 0.20 ml 

tissue volume of cytoplasm of node 0.20 ml 

tissue volume of cytoplasm of root 0.08 ml 

ratio of the volume of conduit or sieve tube to 

that of cytoplasm 

0.01  

The values are arbitrary decided, but referring to Miyamoto et al. 2001, Matsuo et al, 2009, Daudet et 

al. 2012, Xiong et al. 2015. 
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Supplementary Table 2. Symbols and units used in the model. 

Symbol Explanation Unit 

JW(i,j)X axial water flow in xylem from hydraulic node i to j mL h−1 

JW(i)Lat lateral water flow from xylem to phloem at hydraulic node i mL h−1 

JW(i,j)P axial water flow in phloem from hydraulic node i to j mL h−1 

JS(i,j) axial sucrose flow in phloem from hydraulic node i to j mL h−1 

JM(i,j) axial Si flow in xylem from hydraulic node i to j mL h−1 

JS(i)load sucrose flow from mesophyll to phloem at hydraulic node i mmol h−1 

JM(i)unload Si flow from xylem to tissue cells at hydraulic node i mmol h−1 

JM(o:c) Si flow from external solution (or soil) to root cortex mmol h−1 

JM(c:s) Si flow from root cortex to stele mmol h−1 

ΨX(i) xylem water potential at hydraulic node i MPa 

ΨP(i) phloem water potential at hydraulic node i MPa 

PP(i) phloem hydraulic pressure at hydraulic node i MPa 

Πi osmotic potential at hydraulic node i MPa 

rX(i,j) xylem flow resistance between hydraulic nodes i and j MPa h mL−1 

rLat(i) sum of the apoplastic pathway resistance of xylem and phloem at 

hydraulic node i 

MPa h mL−1 

rP(i,j) phloem flow resistance between hydraulic nodes i and j MPa h mL−1 

Ti absolute temperature at hydraulic node i K 

CS(i) sucrose concentration in phloem mmol mL−1 

CM(i) Si concentration in hydraulic node i mmol mL−1 

CM(i)cyt Si concentration in tissue cells at hydraulic node i mmol mL−1 

CM:cor Si concentration in root cortex mmol mL−1 

CM:out Si concentration in external solution or soil mmol mL−1 

CS(i)Mes sucrose concentration in mesophyll at hydraulic node i mmol mL−1 

CM(i)DVB Si concentration in DVB at hydraulic node i mmol mL−1 
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CM(i)EVB Si concentration in EVB at hydraulic node i mmol mL−1 

Starchi starch content at hydraulic node i mmol 

Vsym (i) volume of symplast at hydraulic node i mL 

Vcyt(i) tissue volume of cytoplasm at hydraulic node i mL 

Vcor tissue volume of cortex mL 

Vst(i) tissue volume of sieve tubes at hydraulic node i mL 

Vcon(i) tissue volume of conduit at hydraulic node i mL 

Structi structural carbon content at hydraulic node i (sucrose equivalent) mmol 

Rm(i) respiration rate at hydraulic node i (sucrose equivalent) mmol h−1 

STsyn(i) starch synthesis rate at hydraulic node i (sucrose equivalent) mmol h−1 

SThyd(i) starch hydrolysis rate at hydraulic node i (sucrose equivalent) mmol h−1 

µi regulatory factor for photosynthesis – 

γi regulatory factor for sucrose loading – 

α regulatory factor for transporter expression – 

CR concentration of signal that regulates the expression of Si 

transporters 

– 
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Supplementary Table 3. Model parameters. 

Symbol Relevant factor or event Value Unit Reference 

R universal gas constant 0.00831 MPa mL K−1  

kstarch synthesis and hydrolysis of starch 5 h−1 Daudet et al. 2002 

k4 phloem loading of starch – h−1 Calibrated 

ctarg synthesis and hydrolysis of starch 0.17 mmol mL−1 Daudet et al. 2002 

l1 photosynthesis regulation 50.0 – Arbitrary 

l2 photosynthesis regulation  0.1 – Okumura & Saka 1989 

l3 regulation of phloem loading 50.0 – Arbitrary 

clim regulation of phloem loading 0.7 mmol mL−1 Jensen et al. 2013 

k1 maintenance respiration – h−1 Calibrated 

k2 maintenance respiration 0.0002 mL mmol−1 Arbitrary 

Vsmax starch synthesis 0.1 mL mmol−1 h−1 Daudet et al. 2002 

KM starch synthesis 1 mmol mL−1 Daudet et al. 2002 

khyd starch hydrolysis 0.5 h−1 Daudet et al. 2002 

ρi regulation of concentration in node different 

for each 

node 

– Arbitrary 

kM:unload unloading of Si 200 h−1 mL−1 Arbitrary 

trexo activity of transporters located at 

exodermal Casparian strips 

– mL h−1 Calibrated 

trend activity of transporters located at 

endodermal Casparian strips 

– h mL h−1 Calibrated 

pcm permeability of cell membrane – mL h−1 Calibrated 

slpc signal generation in response to Si 

concentration in tissue cells 

– mmol−1 mL Calibrated 

slpJ signal generation in response to 

water stress 

– mmol−1 h Calibrated 

slpr signal generation in response to Si 

shortage 

– mmol−1 h Calibrated 
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dec decay rate of unknown signal – – Calibrated 
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